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Evaluation of 300 Minimally Invasive Liver Resections at a
Single Institution

Less Is More

Alan J. Koffron, MD, Greg Auffenberg, BS, Robert Kung, BS, and Michael Abecassis, MD, MBA

Objective: We present the largest, most comprehensive, single
center experience to date of minimally invasive liver resection
(MILR).
Summary Background Data: Despite anecdotal reports of MILR,
few large single center reports have examined these procedures by
comparing them to their open counterparts.
Methods: Three hundred MILR were performed between July 2001
and November 2006 at our center for both benign and malignant
conditions. These included 241 pure laparoscopic, 32 hand-assisted
laparoscopic, and 27 laparoscopy-assisted open (hybrid) resections.

These MILR were compared with 100 contemporaneous, cohort-
matched open resections. MILR included segmentectomies (110),
bisegmentectomies (63), left hepatectomies (47), right hepatecto-
mies (64), extended right hepatectomies (8), and caudate lobe (8)
resections. Benign etiologies encompassed cysts (70), hemangio-
mata (37), focal nodular hyperplasia (FNH) (23), adenomata (47),
and 20 live donor right lobectomies. Malignant etiologies included
primary (43) and metastatic (60) tumors. Hepatic fibrosis/cirrhosis
was present in 25 of 103 patients with malignant diseases (24%).
Results: There was high data consistency within the 3 types of
MILR. MILR compared favorably with standard open techniques:
operative times (99 vs. 182 minutes), blood loss (102 vs. 325 ml),
transfusion requirement (2 of 300 vs. 8 of 100), length of stay (1.9
vs. 5.4 days), overall operative complications (9.3% vs. 22%), and
local malignancy recurrence (2% vs. 3%). No port-site recurrences
occurred. Conversion from laparoscopic to hand-assisted laparo-
scopic resection occurred in 20 patients (6%), with no conversions
to open. No hand-assisted procedures were converted to open, but 2
laparoscopy-assisted (7%) were converted to open.
Conclusion: Our data show that MILR outcomes compare favorably
with those of the open standard technique. Our experience suggests
that MILR of varying magnitudes is safe and effective for both
benign and malignant conditions.

(Ann Surg 2007;246: 385–394)

Minimally invasive liver resection (MILR) represents a
natural extension of the continued evolution of minimally

invasive surgery in general and laparoscopic liver surgery in
particular. The growing experience with laparoscopic proce-
dures, the ongoing technological advances in laparoscopic de-
vices, and an increased patient awareness of the availability of
these techniques have created an evolving interest in the appli-
cation of these techniques to liver surgery and liver resection.1

The surgical skills required for MILR have evolved in parallel
with the adaptation of laparoscopic techniques to these proce-
dures. Whereas laparoscopic ablative procedures require laparo-
scopic surgical skills that may include operative ultrasonography
and liver mobilization, they typically do not necessitate either
hilar dissection or parenchymal transection.2,3 In contrast, lapa-
roscopic approaches to liver cysts4–6 and wedge resection of
peripheral solid tumors7–9 may require more aggressive mobili-
zation of the affected hemiliver(s) and transection of liver
parenchyma and, therefore, are more technically demanding and
potentially more hazardous. Anatomic hemihepatectomies re-
quire a clear understanding of liver anatomy, experience with
liver surgery, and, additionally, the ability to deal laparoscopi-
cally with major vascular and biliary structures, both outside the
parenchyma of the liver and during parenchymal transection.10

Finally, both segmental and sectional resections per-
formed laparoscopically can be more technically demanding
than hemihepatectomies, given that these are often performed
without inflow control at the hilum and also because the area
of parenchymal transection can be quite extensive. Hand-
assist during these laparoscopic procedures can afford several
benefits that include the ability to use the surgeon’s hand to
help stabilize and mobilize the liver and, in cases of hemor-
rhage, the use of temporary digital control by the direct
application of pressure.11 Despite these technical challenges,
MILR has been used increasingly in the management of liver
tumors over the past decade.

Beginning in 1993, the Division of Transplantation at
Northwestern Memorial Hospital has been involved in the
care of patients with hepatobiliary pathology, such as benign
and malignant liver tumors. Standard open surgical tech-
niques were used exclusively until the late 1990s. When the
minimally invasive liver surgery program was instituted by
one of the authors (A.K.) in 2001, a database was initiated
that has registered the details of each case performed regard-
less of surgical approach. The database is not limited to liver
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resections and also includes other minimally invasive liver
surgery such as laparoscopic ablation of liver tumors and is
maintained in real-time. In this study, we will report on the
evolution of MILR at our center and review and evaluate our
collective experience with these procedures.

PATIENTS AND METHODS
Using the aforementioned database, and with appropri-

ate approvals from our Institutional Review Board, we retro-
spectively reviewed the recorded data and hospital records
from 300 consecutive patients who underwent MILR between
July 2001 and November 2006. To compare MILR to tradi-
tional open liver resections, we compared these 300 cases to
contemporaneous open resections also accessed from the
database, attempting to match for age, type of resection,
benign versus malignant etiology, and the presence or ab-
sence of cirrhosis. MILR included 241 pure laparoscopic, 32
hand-assisted laparoscopic, and 27 laparoscopy-assisted open
resections.12,13

Pure Laparoscopic Resection (PLR)
In the case of anterior or left liver lesions, the patient is

placed supine. For posterior lesions of the right liver, the
patient is placed in the left lateral decubitus position allowing
access to the midline. A 12-mm umbilical port is used for the
30 degree laparoscope. Additional working ports are placed
strategically to optimize manipulation and mobilization of the
liver. Port sites are placed in anticipation of open conversion
so that the port sites are in line with standard surgical
incisions, if needed. After laparoscopic inspection of the liver
and lesion of interest, laparoscopic liver ultrasound is used to
demarcate surgical tumor resection margins, identify poten-
tially hazardous intrahepatic vascular or biliary structures,
and to rule out synchronous lesions.

The liver resection proceeds with mobilization, vascu-
lar control, parenchymal transection, cut surface inspection,
and specimen extraction. Inflow occlusion is used only for
hemihepatectomy, usually by applying a bulldog clamp to the
ipsilateral portal vein branch, after division of the overlying
hepatic artery. Hepatic venous control is used for hemihepa-
tectomy in case of hemorrhage or gas embolism. Parenchy-
mal transection is then performed once laparoscopic sutures,
vascular clamps, and optimal visualization are readied. In the
beginning of our experience, we used endoscopic ultrasonic
shears (AutoSonix Ultrasonic Coagulator, US Surgical Cor-
poration, Norwalk, CT) for mobilization, hilar dissection and
occasionally for hepatic parenchymal transection, and sta-
pling devices were used liberally for parenchymal transec-
tion. Currently, a bipolar coagulating/cutting device (Liga-
Sure, Valley Laboratory, Boulder, CO) has become our
instrument of choice for mobilization due to its ability to both
separate tissues and seal vessels, (eg, small venous branches
from the liver to the vena cava). We have found saline-linked
cautery (Tissue Link EndoSH2.0 Sealing Hook) to be the
method that most reliably transects the hepatic parenchyma in
our hands. Using this device the liver tissue is precoagulated
allowing almost bloodless transection, leaving intrahepatic
vessels to be divided with scissors or either by the LigaSure
device or endoscopic vascular staplers when complete preco-

agulation is in doubt. For hemihepatectomy, the portal vein/
hepatic duct and hepatic vein are stapled and divided at the
end of transection to ensure the integrity of the remnant liver
vascular and biliary structures. For completion hemostasis,
saline-linked cautery, Argon Beam coagulator, and/or topical
hemostatic agents may be of use. Great caution is taken when
using the Argon Beam coagulator because of the risk of gas
embolism unless concomitant suction and venting is
used.14–16 Once the specimen is ready for extraction, in cases
of benign lesions, it is morcelized inside an internalized
impermeable bag and removed piecemeal through the umbil-
ical laparoscopic port. In cases of malignant lesions, the
umbilical incision is extended at the fascial level to allow for
extirpation of the intact specimen using an extraction bag.

Hand-Assisted Laparoscopic Resection (HALR)
The positioning of the patient is similar to that for the

pure laparoscopic approach. In contrast to PLR, a small
incision is used to allow access of the hand for surgical
maneuvers and specimen extraction. We prefer to use prior
incisions (for cosmetic reasons) or the umbilicus as even
small transumbilical incisions appear minute postoperatively.
A hand-port, videoscope port, and additional ports are placed
strategically to optimize manipulation and mobilization of the
liver. As in PLR, laparoscopic ultrasound is used liberally to
demarcate surgical tumor resection margins, identify poten-
tially hazardous intrahepatic vascular or biliary structures,
and to rule out synchronous lesions.

The liver resection proceeds with the same choreogra-
phy as PLR, however, the hand is used liberally for mobili-
zation, retraction, and direct pressure if necessary and for
extraction. In some cases, the hand can be removed and the
hand-port can be used to insert a laparoscopic instrument if
one is needed in the epigastric position. Most importantly, the
hand-assist incision is used for extraction of malignant le-
sions to prevent rupture of the specimen.

Laparoscopy-Assisted Open Resection—
Hybrid (LAOR)

The supine position is used exclusively. This technique
is similar to the hand-assisted procedure but portions of the
surgical approach resemble more that of open techniques. An
epigastric incision is made 2 cm below the xiphoid process
for hand-assistance and specimen extraction.12,13 The teres,
falciform, and coronary ligaments are divided and the sur-
geon’s left and right hands are sequentially used for palpation
of the liver and abdominal exploration, especially in the case
of malignant tumors. If there are adhesions to the abdominal
wall from previous surgery, these are released from the
circumference of the hand-assist site under direct vision using
standard open technique. At this point, an umbilical port is
inserted for the laparoscope and an additional port placed in
the right lower quadrant (if target lesion in right hemiliver) or
left lower quadrant (left hemiliver lesions). Once both ports
are placed, the surgeon removes his/her right hand from the
abdominal cavity and a hand-port is placed in the epigastric
incision. The abdominal cavity is insufflated, videoscope is
inserted through the umbilical port, and the hand-assisted
laparoscopic mobilization of the target hemiliver is per-
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formed using either a bipolar coagulating/cutting device
(LigaSure Valleylab, Boulder, CO) or the Autosonic scalpel
(Tyco, USSC), which is inserted through the lower quadrant
port. During right hepatectomy this includes the right trian-
gular, hepatorenal, and coronary ligaments. Also, the areolar
tissues of the bare area of the liver are taken down with a
combination of blunt dissection with help from either instru-
ment. To facilitate this dissection, the surgeon uses his/her
right hand through the hand-port to retract the liver superi-
orly, medially, or inferiorly as needed. On occasion, the
camera is switched to the lower quadrant port and the dis-
secting instrument can be placed through the umbilical port,
or alternatively, the hand can be removed from the hand-port,
and the dissecting instrument can be inserted through the
hand-port. Once the inferior rena cava (IVC) is visualized and
the right hemiliver is fully mobilized, the cholecystectomy,
hilar dissection, and initial parenchymal transection can be
performed to the comfort level of the surgeon, given laparo-
scopic expertise and patient anatomy. Once safety or surgeon
comfort is in question, the hand-assisted laparoscopic portion
of the procedure ends. The patient is rotated back to neutral
position. The pneumoperitoneum is relieved, the ports are
removed, including the hand-port, and a mechanical retractor
used to achieve optimal visualization of the hilum and/or
transection plane.

The epigastric incision can be extended if the body
habitus makes exposure difficult. At this point, if needed, the
remaining hilar dissection is performed under direct vision
using standard open techniques. Laparotomy pads or sponges
are placed behind the liver as needed to optimize the exposure
or bring the proposed transection line into view as in standard
open cases. Any additional mobilization of the right he-
miliver, including dissection of the lobe away from the IVC
and dissection of the right hepatic vein can be done at this
point, as needed. Once the preparatory work is completed,
parenchymal transection is performed under direct vision,
using the surgeon’s preferred techniques and devices for
either lobar or segmental resections. We have found that the
right hemiliver, especially segments V, VI, and to a certain
extent VII, can be easily exteriorized and the resections can
be performed having delivered the target segment through the
epigastric incision. In the case of right hemihepatectomy, a
tape can be placed behind the liver to perform the hanging
maneuver as described by Belghiti.17 This maneuver facili-
tates transection of the posterosuperior parenchyma. We have
used laparoscopic stapling devices liberally for dividing in-
flow pedicles and hepatic veins, although standard clamping
and sewing techniques are also applicable using this ap-
proach.

For procedures involving the left hemiliver, the ap-
proach is altered slightly. The surgeon’s left hand can be used
to manipulate the left lateral section and the dissecting in-
strument is placed through the left subcostal port. The left
triangular ligament is divided, as is the hepatogastric liga-
ment. The left hepatic vein is visualized, hilar dissection
performed (if necessary) to comfort level of surgeon, and
then the laparoscopic instruments/devices are removed and
the procedure continues using standard open techniques.

Again, laparoscopic stapling devices are used liberally for
inflow pedicle and hepatic vein division. The specimen is
extracted through the epigastric incision.

RESULTS
Standard nomenclature was used to describe the type of

resection.18 Within the 300 cases in the MILR group, there
were 110 segmentectomies, 63 bisegmentectomies, 47 left
hemihepatectomies, 64 right hemihepatectomies, 8 right tri-
sectionectomies, and 8 caudate lobe resections. Of these, the
majority consisted of PLR (241) with 32 HALR and 27
LAOR. The MILR were compared with 100 case-matched,
contemporaneous open resections (Table 1).

There were 197 MILR performed for benign indica-
tions, including 20 live-donor right hemihepatectomies, and
103 for malignant indications. Benign etiologies encom-
passed cysts (70), hemangiomata (37), FNH (23), adenomata
(47), and 20 live donor right hemihepatectomies. Malignant
etiologies included primary (43) and metastatic (60) tumors.
One hundred seventy-five PLR were performed for solid
lesions. One hundred eleven PLR consisted of formal hemi-
hepatectomies, 63 of which were performed for solid lesions
(Tables 2 and 3).

Hepatic fibrosis/cirrhosis was present in 25 of 103
(24%) of the patients undergoing MILR for malignant lesions
By design, these parameters were comparable in the open
cohort (Table 4). Interestingly, although no MILR patient
with cirrhosis developed clinically significant hepatic decom-
pensation, we noted subjective complaints of prolonged post-
operative fatigue. In contrast, 2 patients in the open cohort

TABLE 1. Type of Resection by Surgical Technique Utilized

PLR HALR LAOR MILR Total Open

Segmentectomy 108 0 2 110 38

Bisegmentectomy 60 2 1 63 10

Left hepatectomy
(Sg 2–4)

37 10 0 47 12

Right hepatectomy
(Sg 5–8)

29 12 23 64 38

Right trisectionectomy
(Sg 4–8)

0 8 0 8 3

Caudate lobectomy 7 1 0 8 1

Total 241 32 27 300 100

TABLE 2. MILR by Type of Lesion

Benign
Cystic

Benign
Solid Malignant Other

Segmentectomy 34 32 44 0

Bisegmentectomy 9 28 16 0

Left hepatectomy 9 18 20 0

Right hepatectomy 9 24 11 20

Right trisectionectomy 4 4 0 0

Caudate lobectomy 1 4 2 0

Total 70 107 103 20
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experienced decompensation severe enough to warrant liver
transplantation (data not shown).

There was high data consistency within the 3 types of
MILR, although operative times and length of stay (LOS)
were higher for the LAOR cohort compared with PLR and
HALR, possibly reflecting that 20 of 27 of these were living
donor right hepatic lobectomies. These procedures require
longer operative times because of intraoperative cholangiog-
raphy, the lack of hilar vascular control, meticulous biliary
transection, and the need to synchronize the hepatectomy
with the recipient operation. Nonetheless, in the aggregate,
MILR compared favorably with standard open techniques:
operative times (99 vs. 182 minutes), blood loss (102 vs. 325
ml), transfusion requirement (2 of 300 vs. 8 of 100), length of
stay (1.9 vs. 5.4 days), overall operative complications (9.3
vs. 22%), and local malignancy recurrence (2% vs. 3%). No
port-site recurrences occurred. Mean follow up for benign
and malignant diagnoses was 69 and 45 months respectively.
Conversion from laparoscopic to hand-assisted laparoscopic
resection occurred in 20 patients (6%), with no conversions to
open. No hand-assisted procedures were converted to open,
but 2 laparoscopy-assisted (7%) were converted to open
(Table 5).

We also analyzed surgeon reimbursement for MILR
versus open resection. Given that there are currently no
procedural billing codes (CPT) specific for MILR, these
procedures are often coded and billed as standard open
procedures (CPT codes 47100, 47120, 47122, 47125 and
47130), with code 47379 as a modifier.19 It is our practice
to charge a percent premium added to the hepatectomy
charge for the laparoscopic component. However, reim-
bursement depends on carrier-based decisions and there-
fore we wanted to analyze the reimbursement patterns for
both Medicare and private party payors.

We first calculated the collection rate by resection type
for both Medicare and private party payors by dividing actual
reimbursement by our billed charges for both open and MILR
cases. Given that our charges were higher for MILR because
of the premium allocated to the 47,379 modifier, we then
adjusted the collection rate to calculate the impact of MILR
on revenue per procedure compared with the open cases,
again by resection and payor types. We limited our analysis
to partial and right hemiliver resections. We found that both
the adjusted collection rates and the revenue were approxi-
mately the same for partial and right lobe resection from
Medicare and private party payors, with a slight increase for
MILR (1.25) in the revenue ratio for partial resections from
private party payors. These differences were nonsignificant
by Student t test comparison of means (Table 6).

There are sometimes concerns that laparoscopic proce-
dures may result in additional hospital costs due to the need
for laparoscopic instrumentation, and possibly longer opera-
tive times. However, these costs can be offset by shorter
lengths of stay. Therefore, we analyzed operating room costs
�(ORC) include costs of instruments, devices and operative
time� and total hospital costs (THC) for 20 representative
patients for MILR and compared them to 20 patients who
underwent open resections. These cases were selected by
eliminating outliers in both categories to analyze comparable
groups. They were matched for age, type of lesion and other
comorbid conditions, including absence of cirrhosis. Note
that the mean LOS for the open group is lower than that for
the entire open cohort because outliers from this group with
LOS exceeding 5 days were not included in the analysis.
Again, we performed this analysis for both partial and right
lobe resections (10 each per group). We normalized for open
resections. Therefore THC for open procedure for each type
of resection is set at $1.00. This allows for a direct compar-
ison with MILR. Because the focus is cost, we did not
analyze reimbursement given that contractual agreements
differ greatly between payors even within a single institution.
We found that for partial liver resections and right hemihepa-
tectomies, THC for MILR were 98% and 66%, respectively,
of THC for open resection. Assuming equivalent reimburse-
ment for individual payors, the net operating margin is higher
for MILR, especially for right hemihepatectomy. It seems
that the ORC for partial and right hemihepatectomy represent
39% and 36%, respectively, for open cases compared with 51
(0.50 of 0.98) and 47 (0.31 of 0.66) percent respectively for
MILR. These differences were significant both for both
partial (P � 0.04) and right hemihepatectomies (P � 0.02)

TABLE 3. Type of Lesion by Surgical Technique Used

PLR HALR LAOR Open

Benign cystic 66 4 0 2

Benign solid 93 10 4 21

Malignant 82 18 3 53

Other 0 0 20 20

Total 241 32 27 100

TABLE 4. Extent of Resection by Surgical Technique Used
in Patients With Fibrosis/Cirrhosis

PLR HALR LAOR Open

Segmentectomy 12 1 2 2

Bisegmentectomy 4 1 0 1

Left hepatectomy 0 1 0 2

Right hepatectomy 2 2 0 2

Total 18 5 2 7

TABLE 5. Surgical Outcomes/Complications by Surgical
Technique Used

PLR
(241)

HALR
(32)

LAOR
(27)

Open
(100)

Operative time �mean (min)� 95 82 157 182

Blood loss �mean (cc)� 100 82 150 325

Transfusion �mean (units RBC)� 0 2 0 8

LOS �mean (d)� 1.7 2.1 3.4 5.4

Bile leaks (no. patients) 2 5 1 4

Conversion (no. patients) 20* 0 2 NA

*Conversion from PLR to HALR.
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using Student t test. In contrast, non-ORC were 61% and 64%
for open cases, and 49% and 53% for MILR. Linear regres-
sion showed that although no correlation existed between
ORC and LOS, non-ORC as a variable dependent on LOS
was highly significant (P � 0.0001) for all groups. Of
interest, overall, standard deviations (variability) were much
lower for MILR right hemihepatectomies compared with the
other groups, despite the fact that representative open cases
were selected by eliminating LOS outliers (Table 7).

DISCUSSION
Formal general surgery residency training in laparo-

scopic techniques began in the early 1990s and for several
years was largely limited to cholecystectomy. Subsequently,
in the mid 1990s, this training was extended to include other
general surgical procedures such as splenectomy, gastric
fundoplication, esophageal and other hollow viscous proce-
dures such as small and large bowel resection.20 Many of
these procedures required bimanual laparoscopic skills, such
as extensive mobilization of both intraperitoneal and retro-
peritoneal organs, intracorporal suturing and a better ability
to control vascular structures and bleeding. The rapid evolu-
tion of these procedures and devices stimulated the emer-
gence of advanced minimally invasive postgraduate fellow-
ship training.

Two parallel developments caused us to initiate a pro-
gram for MILR at our institution. First, our growing experi-
ence with laparoscopic live donor nephrectomy allowed us to
accumulate a significant expertise and comfort with advanced
laparoscopic techniques, such as the extensive laparoscopic
mobilization of internal organs and laparoscopic vascular
dissection.21 Moreover, this valuable experience necessitated
a dynamic familiarity with laparoscopic devices, at a time
when these novel devices were being developed at a rapid

rate. Second, in the mid to late 1990s, a few surgical groups
began to report their experiences with MILR, consisting
primarily of small series of laparoscopic resections of periph-
eral lesions, for the most part benign in etiology.7,11,22,23 We
were intrigued by these reports and therefore we made the
decision to initiate a MILR program as part of our busy
hepatobiliary practice. We began selecting patients with be-
nign cystic lesions of the liver.4 We subsequently included
patients with peripheral solid benign lesions. Encouraged by
our early results, we began to include malignant lesions,
patients with fibrosis/cirrhosis, and larger magnitudes of
resection. This early phase included only PLR. Finally, as a
means to perform hemihepatectomies, HALR was employed
until anatomic hepatectomies could be performed with certain
patient safety, at which time we implemented the use of PLR
for hemihepatectomies needed in resection of deeper lesions.
Because of the nature of this evolution, we have continued to
perform the majority of resections using PLR, unless safety
or oncologic principles were in jeopardy. In these cases, we
used HALR especially for the resection of larger malignan-
cies or where vascular structures were adjacent to the lesion
or surgical margin. In addition, we used either HALR or
LAOR under 2 other circumstances. First, to allow the more
senior surgeons who were not as comfortable with PLR to
offer a minimally invasive approach to their patients and,
second, to maximize patient safety as we adapted these
techniques, particularly LAOR, to living donors (right hemi-
hepatectomies). This hybrid technique (LAOR) was devel-
oped specifically for this use,13 but has since been used when
surgeon comfort level warrants its use.12

The current literature contains accounts of both PLR,23

which seems to be preferred by some groups, whereas others
use the hand-assisted approach.11,24 Our center uses PLR
whenever patient safety and oncologic principles allow, al-

TABLE 6. Impact of MILR on Surgeon Revenue by Resection Type and Payor

Resection by Payor
Open Collection

Rate (%)
MILR Collection

Rate (%)
MILR/Open
Charge Ratio

Adjusted
MILR Collection

Rate (%)
MILR/Open

Revenue Ratio

Partial

Medicare 41 29 1.43 42 1.02 (NS)

Private 65 52 1.55 81 1.25 (NS)

Right hepatectomy

Medicare 44 27 1.50 41 0.93 (NS)

Private 67 42 1.53 64 0.96 (NS)

Data represent means of 40 representative patients (5 partial and 5 right lobe resections for each payor category for both MILR and open resection).

TABLE 7. Hospital Costs by Resection Type and Surgical Technique Used

Resection Type Technique THC ORC Non-ORC LOS

Partial Open 1.00 (0.44) 0.39 (0.19) 0.61 (0.28)* 2.9 (0.9)

MILR 0.98 (0.24) 0.50 (0.21) P � 0.04 0.48 (0.09)* 2.3 (0.5)

Right lobe Open 1.00 (0.43) 0.36 (0.13) 0.64 (0.32)* 2.8 (1.3)

MILR 0.66 (0.31) 0.31 (0.06) P � 0.02 0.35 (0.07)* 2.0 (0.7)

Data represent means and (standard deviation) of 10 representative cases for each category.
*P � 0.0001 (correlation with LOS).

Annals of Surgery • Volume 246, Number 3, September 2007 Minimally Invasive Liver Resections

© 2007 Lippincott Williams & Wilkins 389



though the preference is also surgeon-driven. Thus, in our
series 80% (241 of 300) of resections were performed using
PLR, with a large portion comprising benign lesions as
testament to our conservative approach to malignancy, espe-
cially in our early experience.

Our data demonstrate that MILR outcomes compare
favorably with those of open resections. MILR seems to be
safe and effective in the treatment of both benign and malig-
nant liver tumors. Specifically, both blood loss and transfu-
sion requirements were notably lower in the MILR group
compared with the open cohort. Moreover, biliary leak rates
were similar in the MILR (8 of 300, 2.7%) and open (4 of
100, 4%) cohorts, with none requiring operative intervention.
The incidence of bile leaks observed in our open cohort was
similar to that reported in the literature.25 Of interest, there
was a relatively higher rate of bile leaks in the HALR cohort,
perhaps reflecting the choice of instrument and technique
used for parenchymal transection. Two MILR patients
(HALR group) experienced incisional hernias, which com-
pares favorably with the 20% 1-year incidence noted in open
right hepatectomy in healthy liver donors26 suggesting a
benefit of MILR in terms of abdominal wall morbidity. In
fact, the overall complication rate was lower for the MILR
cohort (9.3% vs. 22%) and no MILR patient experienced
significant hepatic decompensation, whereas 2 patients in the
open cohort required liver transplantation for decompensa-
tion, and there were no operative mortalities in the MILR
group. It is uncertain as to whether this observation is due to
the difference in operative trauma or patient hepatic reserve.
There were 103 MILR performed for malignant lesions com-
pared with 53 open resections. 25 and 13 of these were for
hepatocellular carcinoma, respectively. The size of the le-
sions and pathologic stages were similar between the 2
cohorts (data not shown). Despite previous concerns about
the application of MILR to malignant cases, malignancy
recurrence rates were also similar between MILR and open
resection (2% vs. 3%) suggesting that MILR is effective in
resection of malignant tumors.

In the absence of any randomized controlled trial com-
paring MILR to open resection, an increasing number of
reports have noted the benefits of MILR (Reviewed in Ref-
erence 1). A recent meta-analysis comparing MILR and open
resection for both benign and malignant tumors reviewed 8
nonrandomized studies reporting on 165 MILR and con-
cluded that when performed by experienced surgeons on
selected patients, short-term data seem to indicate that MILR
is safe and feasible.27 Because of the nature of the report, no
details were available regarding the types of resections, the
specific techniques employed, and, more importantly, a solid
rationale behind the use of MILR.

Our experience constitutes the largest and most com-
prehensive series to date on the use of MILR for both benign
and malignant liver lesions. Because the experience is re-
stricted to a single group, we have been able to monitor
changing trends and advancements in the field such as the
development of newer technologies for parenchymal transec-
tion and hemostasis and, more importantly, have formulated
an evolving approach to patients in need of liver resection. In

a recent report,1 we noted that the evolution of MILR at our
institution has shifted our approach to the management of
liver tumors, especially for benign tumors. In that report, we
used specific case studies and combined our experience with
that of the group at the University of Pittsburgh to demon-
strate that the growing availability of these techniques can
affect clinical decision-making in the management of these
tumors. In other reports, we have described the hybrid
technique (LAOR) for both living donor right hepatic
lobectomy,13 and for other applications,12 and showed that
this method combines the benefits of the laparoscopic
procedures with the safety of open procedures, especially
for surgeons with limited laparoscopic experience and
expertise.

We have clearly shifted towards a more liberal use of
MILR for liver tumors at our center. The percentage of liver
resections performed using MILR in our group has increased
from 10% in 2002 to 80% of all liver resections at the time of
the current report. This dramatic paradigm change can be
explained partly because of an increase in the referral of
patients to our center specifically for MILR. Typically, this
patient population consists of young individuals with symp-
tomatic, benign lesions who request a minimally invasive
approach. In addition, patients with malignant tumors are
increasingly subjected to MILR because of the observations
noted above. We currently consider MILR first as the pre-
ferred approach for all patients who require liver resection, as
long as patient safety and the effectiveness of resection are
not compromised.

The financial analyses of representative patients in the
MILR and open cohorts provide useful insights into reim-
bursement patterns for surgeons, and cost implications for
hospitals. Our data clearly show that there are no financial
penalties to either the surgeon or the institution associated
with the use of MILR, and that in fact the financial outcomes
of MILR also compare favorably with those of open resec-
tions, mimicking the trends observed for clinical outcomes. In
the setting of current coding and billing practices, there do
not seem to be any unfavorable surgeon reimbursement
patterns. Given that CPT code reimbursement is based on
payment for services in a global period (90 days for these
particular codes) that include postoperative inpatient and
outpatient visits, equivalent surgeon reimbursement results in
a higher payment to service ratio for MILR. Also, given
lower THC and identical Diagnostic-Related Group (DRG) or
case-rate hospital reimbursement for MILR compared with
open resection, hospital operating margins are clearly higher
for MILR. Moreover, the incremental costs of laparoscopic
devices seem to be offset by a reduction in operative times
resulting in either cost-neutral or cost-effective economics
ORC for MILR and the resultant decrease in LOS decreases
non-ORC costs.

The authors of the recent meta-analysis cited above
conclude by stating that “results from randomized trials” are
needed before definitive conclusions can be reached.26 We
think that these types of trials are highly unlikely to occur. It
seems logical that given the choice, patients would be hesi-
tant to enroll in a study in which they may be randomized to
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an open approach. Let us remember that the rapid adaptation
of laparoscopic cholecystectomy as a replacement for its open
counterpart was not influenced by randomized controlled
studies. On a cautionary note, we suggest that programs
intending to embark on these procedures should be well
versed in complex liver surgery first, and facile with laparo-
scopic techniques second. We propose that surgeons with
minimal laparoscopic skills adopt the hybrid technique we
have described for all cases, beginning with wedge resections
of peripheral lesions and with surgical management of cystic
lesions. As the surgeon and the operative team acquire more
familiarity with laparoscopic devices and techniques, a grad-
ual shift towards hand-assisted techniques may be helpful.
We have shown that these procedures combine the safety of
open procedures with the benefits of minimally invasive
surgery. Finally, as more advanced skills are acquired, the
pure laparoscopic technique can be used more frequently
particularly with peripheral and cystic lesions. Patient safety
should come first, and therefore the surgeon’s level of com-
fort should dictate the technique used. By adapting this type
of gradual transition to MILR, a learning curve will be
avoided. Open resection should be performed whenever the
surgeon does not think that MILR is a reasonable alternative
based on either his/her laparoscopic skills, or the nature and
location of the lesion.

We think that this field will continue to advance and
that, eventually, most liver resections will be performed
utilizing a spectrum of MILR techniques. This will require
that surgeons are satisfied that the risks to the patient asso-
ciated with MILR are at most equivalent to those of open
resection. This particular requirement will further necessitate
the development of safer devices for the parenchymal tran-
section of the liver, especially for the control of major
vascular and biliary structures. In addition, a more general-
ized shift towards MILR will also require an increased
recognition by surgeons that MILR is associated with less
morbidity and better cosmesis than open procedures. We
hope this report will contribute to this development. In the
meantime, groups such as ours will continue to apply these
techniques with the conviction that patients derive significant
benefit from minimally invasive procedures when compared
with their open counterparts and that great incisions do not
necessarily define great surgeons.

CONCLUSIONS
In this report, we present a compilation of MILR for

varying extents of resection for different types of both benign
and malignant tumors including patients with fibrosis/cirrho-
sis, at a single institution. We have provided an account of the
evolution of these procedures at our center and a discussion
of the various MILR techniques employed. This study allows
us to compare MILR directly with open resection in matched
cohorts. We have shown that both clinical and financial
outcomes for MILR compare favorably with those of the
open standard technique. Therefore, our data suggest that
MILR of varying magnitudes is safe and both clinically and
cost effective for the management of both benign and malig-
nant lesions.
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Discussions
DR. STEVEN M. STRASBERG (ST. LOUIS, MISSOURI): Now

that this MIS approach to liver surgery has the imprimatur
that goes along with presentation at this meeting, predictably
many surgeons will attempt such liver resection. So let’s stop
for a minute to ask what this means for surgery. In a recent
paper discussing innovative procedures, we examined how
widespread introduction of operations such as laparoscopic
cholecystectomy was followed by unexpected, unpredicted,
major complications to patients. Minimal access major liver
surgery has all the attributes of an innovative procedure and
arguably should be treated as such. Major complications will
undoubtedly occur with these operations. The question is not
whether but what complications, with what frequency, and
what pathogenesis. Notably we observed that large manda-
tory registries were better at detecting uncommon but serious
complications than randomized controlled trials, because it is
extremely difficult to randomize the large number of patients
needed to find infrequent but serious complications. So the
question is, are we going to go down the same path or have
we learned from the past? This is an ideal time to establish a
registry of major laparoscopic liver resections so that we will
know at the earliest moment what the outcomes are when the
procedure begins to be done widely. This is an issue I raise
for the consideration of the surgical leaders that compose the
society. A registry would also have the effect of encouraging
participants to be well prepared before embarking on this type
of surgery. Adequate skills and preparation are going to be at
the core of producing results in terms of safety achieved by
this group achievable across the country, and patient consent
procedures should be part of that preparation.

Moving on, I think it is also necessary to point out that
this study once again proves that surgery can advance greatly
through a process of iteration, often by the interactive efforts
of 1 or 2 dedicated groups such as occurred in liver trans-
plantation. That is not to take away from other approaches but
it is important to recognize and appreciate the contributions to
the development of surgery made by this route.

Dr. Koffron, can you tell us in more detail what were
your complications and what was their severity? Did you
have any near disasters, and how were they handled? What
was done to ensure that the procedures were sound oncologi-
cally? Finally, what would you personally emphasize to those
who will be leaving here wanting to establish programs in
laparoscopic major liver surgery?

DR. ALAN J. KOFFRON (CHICAGO, ILLINOIS): Thank you,
Dr. Strasberg, for those kind words. I will address the ques-
tions in a slightly different order than asked.

With regard to intraoperative near misses, we, of
course, having performed 111 lobectomies, experienced near
misses of almost all types. First of all, we noticed CO2

embolus in 2 patients. Only 1 patient had hemodynamic
instability, which was managed well by our anesthesiologist
and by halting the surgery and desulflating the abdomen.
While the literature suggests CO2 embolus occurs frequently,
we have not experienced clinically evident CO2 embolus in
other patients, possibly because of our methods of liver
transection.

In terms of hemorrhagic complications, we have expe-
rienced stapler failures. There are surgeons in the audience
that witnessed a left lobectomy where a staple failed while
dividing the middle and left hepatic veins. In addition, we
experienced a similar event while dividing the right hepatic
vein and right portal vein. Fortunately, these problems were
noticed immediately and laparoscopically addressed. None of
these cases were converted to open, largely because of readily
available laparoscopic vascular instruments and an experi-
enced nursing team.

These events highlight what I would like to emphasize,
that before embarking upon this type of surgery, we feel, as
with any complex surgery, having a team that is familiar with
case and emergency technical conduct makes the difference
for both the patient and the surgeon. For all of these near
misses, I benefited from a surgical nursing team that would
either hand me a laparoscopic vascular clamp, a preformed
suture or some other device that allowed me to control and
repair it almost immediately. In summary, dealing with near
misses is clearly team dependent, and I will emphasize that
conservative increases in resection magnitude fosters team
comfort and preparation.

An equally important question was raised regarding
cancer principles. In our series, we began approaching ma-
lignancies laparoscopically with the firm notion that we had
a very low threshold for not performing surgery laparoscopi-
cally if we thought we were going to breech oncologic
principles, whether it was surgical margins, assessment of
lymph nodes, biliary ducts, et cetera, and only took on those
cases initially where undoubtedly a safe and effective onco-
logic resection would be performed. We have also avoided
hilar cholangiocarcinomas, as we feel that this neoplasm has
a high likelihood of being inappropriately managed laparo-
scopically. And again, at any point in time during these
surgeries if we felt like there would be a positive margin or
breaching of the tumor during extraction, we would not use
that particular minimally-invasive approach, or have con-
verted to open techniques.

Specifically addressing postoperative complications,
I will break those down into procedurally related, acute,
and late.

Procedurally related complications, our manuscript
states that biliary leaks were not greater than the open cohort
at 2.7% versus 4% for the opens. We think this is largely due
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to our method of parenchymal transection and careful atten-
tion to avoiding that complication, especially during the birth
and growth of this type of surgery. I alluded to hemorrhagic
complications, but all events were addressed intraoperatively
and our observed laparoscopic transfusion rate was less than
open, suggesting hemorrhage was not a significant problem.
We did not have to reoperate on anyone for delayed bleeding.

Non-procedurally related complications were very min-
imal. We attribute this to the fact that most of our patients
went home the following day. Our average length of stay for
right hemihepatectomy was 1.7 days, possibly abrogating the
incidence of deep venous thrombosis, pneumonias, and things
of that nature.

The minor complications, such as port site infections
were similar to that we have noticed in our laparoscopic
nephrectomy experience, around 1%. Late complications
were rare; where we noticed only 2 incisional hernias in hand
assisted laparoscopic patients, occurring greater than 1 year
post-surgery.

It is interesting that even in the cirrhotic patients, we did
not experience hepatic decompensation or the development of
ascites following MILR. In contrast, we did have 2 patients in
the open cohort that decompensated following lobectomy, and
later had to undergo transplantation for rescue.

Obviously, the best way to know the true complication
rates would be through a randomized controlled trial com-
paring laparoscopic versus open. But we doubt that that will
occur, as we would think people would not want to enroll in
a trial where they may be randomized to open.

DR. RONALD W. BUSUTTIL (LOS ANGELES, CALIFORNIA):
Since your procedure basically had a low conversion rate,
minimal complications, outcomes that appear to be equal or
superior to open technique, lower length of stay, reduced cost
and greater profit margins, when would you recommend an
open procedure other than for hilar carcinoma, which you
already mentioned?

The second question is, you didn’t stratify in your
manuscript the outcomes in regards to cancer recurrence in
those patients who either have metastatic colorectal or who
have primary HPC.

The third question, how do you propose this very
exciting technology be expanded to the hepatobiliary sur-
geons in the community and in the states so that we avoid
some of the pitfalls we saw when laparoscopic cholecystec-
tomy was started – for instance, the large incidence of bile
duct transsections, et cetera? This is so much more of a
complex procedure, we can imagine that the complication
rate in those who do not have the vast experience that you
have would certainly be prodigious, to say the least.

DR. ALAN J. KOFFRON (CHICAGO, ILLINOIS): In answer to
you first question regarding our recommendations for an open
approach. Currently, we use MILR in about 80% of liver
resections. Those 20% that we perform open, are largely hilar

cholangiocarcinoma, which, as you know, is a very complex
operative endeavor even in simple patients. Second, open is
considered in those situations where tumor size is so great
that even with hand assistance (manipulating the tumor in
order to dissect the vena cava, et cetera), risk of tumor rupture
may be prohibitive. Tumor disruption is one of the things that
we are very careful to avoid during manipulation of the
tumors or extraction. Also, and this goes back to Dr. Stras-
berg’s near miss question, if the tumor is adherent or near a
major vascular structure that must be maintained for the
remnant liver viability, we would employ an open approach.

Our tumor recurrence rate was 2%. In other words, 6
patients recurred in these 300 patients, 103 of which were for
malignancy. One patient experienced recurrence of cholan-
giocarcinoma at the cut surface, 1 year after lobe resection of
a peripheral, 3 cm lesion. Four cirrhotic patients experienced
de novo recurrence of hepatocellular cancers. And one was a
local recurrence of a colorectal adenocarcinoma. Fortunately,
and this is after 26 months of mean follow-up, we have not
had more recurrences. I think our low recurrence rate is due
to our conservative approach, gaining experience with benign
lesions before we embarked upon resecting malignancies
using this technique.

Lastly, with regard to major complications in people
that are starting this type of surgery, I hope our series
provides an example of how to approach this in a safe
fashion, starting with small lesions, cystic lesions, and in-
creasing to greater magnitudes of resection. As your team
becomes familiar and confident in you and this approach, this
will then make large resections, where biliary injuries and
catastrophic vascular injuries are more likely to occur, safer
endeavors.

DR. JEAN C. EMOND (NEW YORK, NEW YORK): The 30
years of progress in liver surgery were a result of improved
respect for anatomy parenchymal sparing, leading to almost
artistic sculpturing of the liver. Many of the efforts that have
been published and shown in videos represent horribly de-
structive and non-anatomic approaches. Your approach, in
my opinion, shows the way to marry the excellence of the
open surgery to the minimum access, which people in my
generation didn’t even dream of attempting.

I think living donor liver transplantation is on the cusp
of either going away or else perhaps growing through mini-
mally invasive methods, as happened for renal donation. Do
you see this as a possibility?

DR. ALAN J. KOFFRON (CHICAGO, ILLINOIS): That is a
great question, and in fact, much of what I learned during my
experience with live donor surgery in general has allowed me
to apply some of these techniques to the laparoscopic meth-
ods, particularly the transection, trying to make it very similar
to open surgical sculpting, as it were.

I think that through the use of the laparoscopic assisted
open resection or hybrid, I think more transplant centers can
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apply this and hopefully gain more patient acceptance of the
donation process.

Again, portions of the procedure are done laparoscopi-
cally to the surgeon’s comfort level, and then through an
incision that is placed over Cantlie’s line, that portion of the
donation which is particularly worrisome or past the sur-
geon’s comfort level can be done using standard open tech-
niques and a healthy, functional graft can be removed through
that incision.

DR. MYRON E. SCHWARTZ (NEW YORK, NEW YORK): I
wonder whether you feel that in the future there will be a
problem for people trying to learn to do liver surgery lapa-
roscopically who don’t have the experience doing open liver
surgery for some period of time with a good sense of the
3-dimensional anatomy in their heads. How do you think this
will play out?

DR. ALAN J. KOFFRON (CHICAGO, ILLINOIS): That is a con-
cern that many people have raised since the genesis of MILR.
How does this disseminate in surgery in a safe fashion?

It is our belief that training and credentialing of sur-
geons requires strong familiarity and experience with open
hepatobiliary surgery first, so that when everything is done
with minimal access, as you might say, you have preemptively

identified the anatomy, and therefore can guide a liver surgery
team that can help you through difficult problems and cases.

DR. KELLY M. MCMASTERS (LOUISVILLE, KENTUCKY): I
have to ask the question: Has the minimally invasive ap-
proach changed your indications for operation for benign
tumors? You had 177 benign lesions and 103 malignant, and
that is a ratio that would be much different than what we
would see in many other centers where a much smaller
number of benign lesions would usually be resected in that
series.

DR. ALAN J. KOFFRON (CHICAGO, ILLINOIS): This is an
important point that we address in the manuscript. There
are a larger number of patients in the benign category,
because many patients come to us seeking minimally
invasive approaches for what they know is a benign lesion.
Along the way, though, we have been very, very careful
not to alter our clinical pathways and resect lesions be-
cause we can offer them a minimally invasive approach.

So, in summary, we maintain the same therapeutic
and surgical principles in MILR and we do open resection.
We are now receiving more patients, particularly benign
cases in young people, that logically effect the data and
distribution.
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